The role of hematopoietic stem cells in the reco very of hematopoiesis after radiation exposure is not yet fully understood. It is known that com partm ent of hematopoietic progenitor cells includes the most radiosensitive cell population [1, 2] . Investigations of hematopoiesis have been greatly limited by the lack of assays for m ultipotent progenitors, equiva lent to the spleen colony assay in murine models. Methodological approaches of cultivating cells in vivo in diffusion capsules open perspectives in disclosure of the mechanisms of recovery of hematopoiesis after radiation injury [3] .
The aim of this study was to determine the morpho logical and functional characteristics of circulating he matopoietic progenitor cells along with bone marrow progenitor cells of the liquidators of the accident at the Chornobyl nuclear power plant (CNPP) with the imple mentation of diffusion capsules, which consist from biocompatible, non-adhesive and optically pure gel.
MATERIALS AND METHODS
The assessment of the hematopoietic progenitor cells was performed in samples of peripheral blood and bone marrow (CFU-GM) of 46 patients, who were irradiated at doses less than 1 Gy after the accident Submitted: November 12, 2016 ^Correspondence: E-mail: nbilko@ukma.kiev.ua Fax: +38 044 425 60 57 Abbreviations used: CNPP -Chornobyl nuclear power plant; CFU-GM -Colony forming units -granulocytic macrophage; CFU-GMc -Colony forming units -granulocytic macrophage circulating.
and treated in the National Scientific Center for Ra diation Medicine AMS of Ukraine. 35 non-radiated individuals with hypertonic disease of I degree, who served as controls, were treated in the same clinic. Peripheral blood and bone marrow were obtained from these patients and separated by Ficoll density gradi ent centrifugation [4] . Colonies from peripheral blood (named CFU-GMc) and colonies from bone marrow (named CFU-GM) were obtained in vivo in diffusion capsules.
Inthe experiments, 405 male 4 -6 months old CBA mice weighting 18-20 g were used. The use and care of experimental animals have been performed in ac cordance with standard international rules on biologic ethics and was approved by Institutional Animal Care and Use Committee. The cultivation of blood and bone marrow progenitor cells of patients was performed in original gel diffusion capsules implanted in the peritoneal cavity of mice, which have been pretreated with cyclophosphamide (150-200 m g/kg) 24 h be fore the experiment (to inhibit the immune response and induce the release of colony stimulating factors) under general narcosis. Two diffusion capsules with semisolid agar (Difco, USA), complete growth media (Sigma, USA) and mononuclear cells (1 • 10s) inside them were implanted into the peritoneal cavity of the recipient mice under sodium thiopental anesthesia.
Animals were euthanized by cervical dislocations at the end of a study (on the 21 -st day) for the purpose of post-mortem examination. Capsules were extracted from the peritoneal cavity of the recipient animals.
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Colonies were counted as aggregates that contained 40 cells or more and stained by Giemsa (Sigma, USA) and Luxol Blue (Sigma, USA) [4] .
The number of marrow mononuclear cells within the inner cavity of the diffusion capsules was 1 • 105, while quantity of mononuclear cells derived from the peripheral blood was 5-105per capsule (the volume of the inner cavity of capsule was 0.2 ml). So, in the first case quantity of the implanted bone marrow cells per ml was 5 • 105, in the second it was 2.5 • 106 peripheral blood cells per ml equivalent. Colony-forming activity of hematopoietic progenitor cells have been evaluated on the 21 -st day of cultivation in vivo.
As a control we used the group of animals with empty capsules in the peritoneal cavity. At the end of experiments we extracted capsules and inspected them u n der inve rte d lig h t m ic ro s c o p e (ULWCD 0.30 Olympus, Japan). Cells were absent in the control, which indicates that there are no cells that are able to get inside the capsules from the peritoneal cavity of the recipient animal.
For statistical analysis of the data and the d if ference between experimental and control groups, Student's f-testw as used.
RESULTS
It is known that the fraction of circulating pro g e n ito r cells in the peripheral blood is norm ally at the range of less than 1% [5] . The circulating progenitor cells from peripheral blood (CFU-GMc) were d e te cte d in 18 of 46 liq u id a to rs, and th e ir counts were 28.4 ± 1.4 per 1 • 105 of explanted cells. Colony forming activity of bone marrow of these pa tients was 35.6 ± 1.8 colonies per 1 • 10s explanted cells (CFU-GM). While in non-radiated individuals (n = 35) these indices were as follows: for circulat ing cells 12.5 ± 0.5 (p < 0.05), for bone marrow -46.8 ± 2 .5 ( Fig. 1). early (1986) (1987) ) period a remote (10 years after Chornobyl accident) period □ control Analysis of m orphological characteristics of the clones, obtained from the peripheral blood and bone marrow, was perform ed. Slides were stained with the Luxol fast blue that is specific fo r eosinophilic cells (20-40% of examined cell samples contained eosinophilic colonies and eosinophil clusters (Fig. 2) . Prevailing growth of the eosinophilic progenitor cells is most probably related to activation of the T-helper cells that are responsible for synthesis of growth fa c tors fo r eosinophilic differentiation. The rest of the aggregates were presented with neutrophilic clusters and neutrophilic colonies (Fig. 3) . Observation of the dynamics of morphological and functional character istics of hematopoietic progenitor cells from peripheral blood and bone marrow in early period after catastro phe (1986) (1987) and during long period afterthe ac cident (10 years) has shown a return of these indexes to the norm. Analysis of the quantitative composition of the cellular elements in colonies (blast cells, pro myelocytes, myelocytes, metamyelocytes, band and polymorph cells) revealed no differences between the colonies from peripheral blood and bone marrow. However, hypersegmentation, fragmentation of poly morph cells occurred in the culture. Results have shown that microenvironment, cre ated for cultured cells in the diffusion capsules, im planted in the peritoneal cavity of the recipient animal, was sufficient for adequate support of proliferation and differentiation of CFU-GM from bone marrow and CFU-GMc colonies from peripheral blood. Described observations could not be realized by culturing those cells in vitro, as such two-week cultures are limited due to the depletion of the nutrient medium fo r the cells "imbedded" in semisolid agar. The conditions created in the diffusion capsules allow unhindered prolonged cultivation of the hematopoietic stem cells in vivo with sufficient nutrients diffusion as supplied by the recipi ent animal, resulting in the maintenance of cell growth for prolonged durations [3] .
Using such in vivo culturing, we have observed an increased numbers of hematopoietic progenitor cells CFU-GMc from peripheral blood of the patients. Our data are in accordance with the results of re searchers who investigated the dynamics of CD34+ cells by flow cytom etry analysis [6] . It was shown that the num bers of circulating CD34+ cells from peripheral blood of liquidators of the consequences of the Chornobyl accident (mean cumulative dose of 1.77 ± 0.41 Sv), was increased and with time has returned to normal levels. This could be explained by the phenomenon when hematopoietic stem cells leave their niche in the bone marrow upon induction with ionizing radiation and circulate in the peripheral blood [7, 8] . It can be explained by the mobilization of hematopoietic progenitor cells to peripheral blood thatwas induced bythe exposure to ionizing radiation, subsequent depletion of the pool of hematopoietic progenitor cells and their recovery with time.
General idea that circulating cells appearance in peripheral blood of irradiated individuals is associ ated with ionizing radiation action was confirmed in ex perimental investigations of laboratory animals' hema topoiesis models. As a model for our research, we have used W istar rats, which were exposed to chronic internal Strontium -90 irradiation. Significant 7-fold increase of circulating progenitor cells was revealed inthe peripheral blood of the animals. Colony-forming efficiency of these cells was 4.22 ± 0.84, compared to control indices of 0.62 ± 0.49 per 1 • 105 cells ex planted. It was also determ ined that predom inant growth of eosinophilic progenitor cells (up to 20%) is observed in cell culture of hematopoietic cells [7] .
Following years after the accident at the CNPP, researchers have described m obilization of bone marrow hematopoietic progenitor cells to periphery after a session of growth factors administration to the patients with hematologic malignancies with a goal to collect stem cells. This procedure is now widely used for autologous transplantation to obtain hematopoietic stem cells in clinical settings [8, 9] .
Hence, the presence of circulating progenitor cells in cultures, as well as predominant growth of eosino philic colonies and profound decrease of colony-form ing efficiency with disturbances in cell differentiation in patients, who were exposed to ionizing radiation within the short term after exposure with subsequent recovery of the described parameters years after the incident illustrate the need for special caution concern ing the risks of the onset of hematological malignan cies for these patients. Therefore such patients are at risk of development of such diseases and should be closely monitored for early onset of unfavorable clinical manifestations. Thus, according to the data of the relevant reference laboratory, a group of cleanup workers were eventually diagnosed with various forms of myelodysplastic syndrome, early progenitor cells associated acute myeloid leukemia as well as chronic myeloproliferative neoplasms [10] .
